BACKGROUND: Collection of data on race, ethnicity, and language preference is required as part of the "meaningful use" of electronic health records (EHRs). These data serve as a foundation for interventions to reduce health disparities. OBJECTIVE: Our aim was to compare the accuracy of EHR-recorded data on race, ethnicity, and language preference to that reported directly by patients. DESIGN/SUBJECTS/MAIN MEASURES: Data collected as part of a tobacco cessation intervention for minority and low-income smokers across a network of 13 primary care clinics (n=569). KEY RESULTS: Patients were more likely to self-report Hispanic ethnicity (19.6 % vs. 16.6 %, p<0.001) and African American race (27.0 % vs. 20.4 %, p<0.001) than was reported in the EHR. Conversely, patients were less likely to complete the survey in Spanish than the language preference noted in the EHR suggested (5.1 % vs. 6.3 %, p<0.001). Thirty percent of whites self-reported identification with at least one other racial or ethnic group, as did 37.0 % of Hispanics, and 41.0 % of African Americans. Over one-third of EHR-documented Spanish speakers elected to take the survey in English. One-fifth of individuals who took the survey in Spanish were recorded in the EHR as English-speaking. CONCLUSION: We demonstrate important inaccuracies and the need for better processes to document race/ ethnicity and language preference in EHRs.
INTRODUCTION
Racial and ethnic disparities in both access to and quality of care are well documented in the context of U.S. health care. 1, 2 Inequalities in health care may persist on some level as a function of the failure to systematically collect accurate information about, and subsequently respond to, the needs of racial/ ethnic minority patient populations. A first step toward achieving more equitable health care is the systematic collection of accurate data on patient race, ethnicity, and language preference; 3 these data can create an actionable foundation upon which to understand where and why disparities exist. 4 Electronic health records (EHRs) provide an opportunity to collect such information systematically to enable provision of targeted interventions for particular individuals and populations. To this end, incentives for the "meaningful use" of EHRs require the collection of patient demographic data including race, ethnicity, and language preference, with the explicit intent to improve quality and safety, reduce health disparities, and improve population health. 5 As providers and health systems transition to accountable care by managing the health of populations, the routine and accurate collection of these data may promote equity. 3 In 1997, the federal Office for Management and Budget updated standards for the collection of race and ethnicity data by federal and state government agencies. In 2007, Massachusetts implemented regulations requiring all acute care hospitals, but not ambulatory practices, to collect patient self-reported race, ethnicity, and preferred language, using a standardized approach with specific categories. 6 Despite recognition that such data can improve care, reliable data collection around race, ethnicity, and language preference is uncommon, even in settings that disproportionately treat minority and immigrant populations. 7 Rates of misclassification and missing data in EHRs were high prior to the implementation of meaningful use. 8 Structured patient selfreporting of these data directly into an EHR offers the potential to improve the accuracy of these data, as has been demonstrated for other domains like the completion of health maintenance items. 9 We compared patient self-reported information about race, ethnicity, and language preference collected using an automated phone call to that recorded in the EHR.
METHODS

Overview
As part of a randomized controlled trial (RCT) of a multifaceted tobacco treatment intervention designed to identify and recruit low-to-moderate income and minority smokers, we collected demographic data directly from patients using an interactive automated phone call. The primary purpose of the call was to proactively reach out to eligible smokers and offer participation and enrollment by briefly summarizing the aims of the study, obtaining consent, and ensuring eligibility; the final portion of this 5-10 min automated call collected standardized information about race and ethnicity. We then compared these patient self-reported data to existing, coded data in the EHR. The Partners Human Research Committee approved the study protocol and the trial was registered at ClinicalTrials.gov (NCT01156610).
Setting and Eligibility
Patients were recruited for the RCT between November 2011 and June 2013 from 13 primary care practices in Eastern Massachusetts affiliated with Brigham and Women's Hospital and Massachusetts General Hospital. The practice settings included six community health centers, two communitybased practices, four hospital-based practices, and one medical home, all of which share a common EHR called the Longitudinal Medical Record, an internally developed, web-based, fully functional EHR that has been certified by the Certification Commission for Healthcare Information Technology (CCHIT). Eligible patients were at least 18 years old, had made a visit to their primary care provider within the last 60 days (to ensure that their smoking status was current), and were noted in the EHR as a current smoker in either the patient problem list or a coded smoking status field. Individuals were eligible for this study if the race field alone and not the ethnicity field was coded in the EHR as white, black, or Hispanic and they lived in a census tract with a low or moderate median household income. Additionally, individuals were required to have a primary language of English or Spanish noted in the EHR, as the intervention was available in only those languages. Patients with missing or unknown race field data or primary language data were ineligible for the study.
EHR-Derived Data on Race, Ethnicity, and Language Preference
At the time of enrollment, patient race, ethnicity, language preference, and other demographic data entered the EHR by means of a centralized, phone-based registration process for outpatient primary care patients, regardless of the settings in which they received their primary care. The system was navigated by a live operator who had completed a brief registration survey by phone. While automated prompts in the online registration system reminded staff to collect these data, variability is likely to have existed in how this information was requested, the responses elicited, and what was actually recorded. Race and ethnicity were captured in separate EHR data fields, with the "race" field category more narrowly defined (e.g., black/African American, Hispanic or Latino, white); however, possible responses for this field conflated race and ethnicity, especially for patients of Hispanic ethnicity. The race field allowed for only one selected option, including an "other" category, although patients designated as "other" did not meet eligibility for the RCT. The "ethnicity" field, which we looked at only after we had assembled our cohort based on the race field, conflated multiple dimensions of identity, such as culture, ancestry, and country of birth. Response categories in the ethnicity field included over 100 options (e.g., Afghanistani to Zairean). Language preference was asked and recorded for spoken communication only.
Patient Self-Reported Data on Race/Ethnicity and Language Preference
Patients eligible for the trial were mailed an informational letter in their EHR-designated language with instructions on how to opt out. Patients who did not opt out within 2 weeks were contacted using an automated phone call generated with an interactive voice response system (IVRS), and received up to 15 call attempts over a 2-week period. If the phone was answered and hung up twice by anyone in the household, this was considered a "passive" opt-out. Patients who answered the phone heard a brief informed consent script and were asked to confirm their interest in participating. The IVRS call, available to patients in their choice of either English or Spanish, confirmed smoking status, and asked a series of questions about self-reported race and ethnicity that allowed participants to report multi-racial/ethnic status. The question was structured as follows: "Now I will ask you about your race and ethnicity. Please say yes or no after you hear the following categories. You may answer yes to more than one. Are you White? Black or African-American? Are you Hispanic or Latino? Asian? Other?" Language preference for spoken communication was inferred from the language in which the patient completed the automated call.
Statistical Analysis
We calculated the sensitivity, specificity, and positive predictive value (PPV) for EHR-derived information compared to patient self-report of race and ethnicity (African American vs. non-African American; Hispanic vs. non-Hispanic). We also compared language preference in the EHR and the language each respondent used to complete the survey. Statistical analyses were conducted using SAS version 9.3 (Cary, NC), with p<0.05 as the criteria for statistical significance.
RESULTS
We called 8,545 individuals between November 2011 and September 2013. Of these, 706 (8 %) answered and agreed to participate in the trial. Of the 706 participants, 569 (81 %) provided self-reported information on race and ethnicity; the analysis on language preference was restricted to these patients. The median age of participants was 50 years (19-77 range); more than 70 % were female (Table 1) , reflecting the demographics of the study practices. Nearly 10 % of patients had not completed high school and only 28 % indicated that they had completed college. Approximately 15 % of participants were foreign-born.
Patients were more likely to self-report Hispanic ethnicity (19.6 % vs. 16.6 %, p<0.001), and African American race (27.0 % vs. 20.4 %, p<0.001) than was reflected in the EHR. Conversely, patients were less likely to complete the survey in Spanish than the language preference noted in the EHR would have suggested (5.1 % vs. 6.3 %, p<0.001). Thirty percent of whites also self-reported identification with at least one other racial or ethnic group, as did 37.0 % of Hispanics, and 41.0 % of African Americans.
Overall, strong and statistically significant agreement (p<0.001) was observed between EHR-documented and self-reported race. While the sensitivity of EHR-recorded race compared to patient self-reported race for African Americans was modest (70.9 %), the specificity and PPV were high (98.8 % and 95.5 % respectively) ( Table 2) . A similar pattern was seen for Hispanics (83.8 %, 99.8 %, and 98.9 % respectively). The sensitivity was high for whites (93.8 %), as was the specificity and PPV (97.0 % and 98.3 % respectively). For Spanish language preference, the sensitivity was modest (79.3 %), the specificity high (97.6 %), and the PPV more modest (63.9 %). Only 1 % of EHR-documented English speakers chose to take the phone survey in Spanish, whereas 36 % of EHR-documented Spanish speakers elected to take the survey in English. One-fifth of individuals who took the survey in Spanish were recorded in the EHR as English-speaking.
DISCUSSION
Although we demonstrate strong agreement between EHR-documented and self-reported race, ethnicity, and language preference, we also demonstrate important inaccuracies and the need for better processes to document these data in EHRs. Our data suggest that, even in a state with regulations promoting the collection of selfreported data about race and ethnicity in acute care settings, EHR data may "undercount" individuals who identify themselves as African American or Hispanic in ambulatory settings. In addition, one-third of individuals coded in the EHR as Spanish-speaking opted to participate in this study in English. These results demonstrate the importance of identifying the individual language preferences of multilingual patients, who may have differing preferences based on the specific content and method of contact.
We should note that both the EHR-derived demographic data and the information collected as part of our RCT are patient self-reported, but we suspect that the quality of demographic data in the EHR is limited both by human factors in the capture of these data and by the way that the separate race and ethnicity data fields are structured. We also have limited information on how historic demographic data were elicited and entered into the EHR prior to current centralized processes. While our institution utilizes a centralized live-operator phone-based registration process for new primary care patients, how operators are trained to prompt for collection of these data and record the responses is likely to vary. To add to this complexity, definitions for what constitutes race, ethnicity, and other self-identifiers are fluid, debatable, and problematic to individuals and to institutions. The fact that the "race" field at our institution includes both race and ethnicity in a single field highlights this confusion at a systems level. Our data collection tool via automated phone calls did prompt for race and ethnicity in a single question, but also allowed for patients to self-identify with one or all possible categories, thereby allowing multiple race and ethnicities to be captured in a single field.
Our results suggest similar rates of misclassification of race and ethnicity in the EHR when compared to work completed before the implementation of meaningful use criteria for EHRs; that said, missing data were reported less often. 8 Our results are consistent with findings for the concordance between self-reported race and ethnicity and that abstracted by medical record reviewers (i.e., before documentation in coded fields), 10 and that recorded in health care claims. 11 As EHR data are increasingly being used to manage the health of populations, ensuring the accurate recording of these characteristics will be crucial to the success of interventions designed to reduce health disparities. Health disparities may not be alleviated solely by broad quality improvement and health care reform initiatives, but may require specific, targeted interventions. 12, 13 The systematic collection of accurate data on patient race, ethnicity, and language preference is necessary to monitor interventions designed to promote equity. The widespread deployment of EHRs offers the opportunity to assess and improve the health of populations of patients, but also may be used to augment traditional public health tools like the Behavioral Risk Factor Surveillance Survey, by helping to define areas with unaddressed health needs.
14 Our data suggest that requiring coded documentation alone may not be sufficient to ensure high quality data for these constructs.
These findings highlight the complexities of accurately capturing and recording race, ethnicity, and language preference in clinical settings. We found that a substantial proportion of this particular patient population self-identifies with more than one racial or ethnic group, a phenomenon not adequately reflected in EHR data. Explanations for this may include the limited structure of a registration process not adequately designed to elicit or record multi-racial and/or ethnic status. Second, reporting of language preference may be complex, as patients may not report that they speak Spanish because they are concerned about stigma or bias. 15 Multi-lingual individuals may also prefer different languages for different tasks, which cannot be derived from a single question about language preference. The factors that mediate why multi-lingual patients may prefer to use one language for some activities and not others should be an area for future qualitative research.
Our study has several limitations. Participants were recruited into an RCT specifically designed to target low-income and minority patient populations of smokers. Our data come from a single primary care network, but include data from patients cared for at several primary care sites. Because our study design was directed at individuals coded as African American, Hispanic or white in the EHR, we are not able to address the accuracy of coding other racial and ethnic minority populations. We did not collect information about ethnic subgroups. Additional granularity may be important for promoting health equity, 6 yet an exhaustive list of options may be overwhelming for both patients and providers. 16 Our automated call was offered in a choice of English or Spanish, the two most common languages for this patient population. As language preference is a cornerstone of informed decision-making, future attention should be paid to the complexity of this construct.
The capacity for patients to self-report their race, ethnicity, and language preference in their EHR could be improved and standardized through the use of patient portals that accommodate a multi-lingual population. Such efforts could include facilitating patient-reported data at point of care, either in a waiting room with the support of trained personnel, or prior to a visit. Collection of these data should address any patient concerns about the reasons for their use, while simultaneously offering safeguards for protection of this information. 15 Improvement in the capture, recording, and storage of race and ethnicity as well as language preference is necessary in the healthcare setting, and could serve as a means to address health equity. To this end, efforts should include the systematic collection of such information directly from patients, to ensure that these data accurately reflect the complexity of these identity constructs.
